The International Gamma-Ray Astrophysics Laboratory (INTEGRAL) continues to successfully work in orbit after its launch in 2002. The mission provides the deepest ever survey of hard X-ray sources throughout the Galaxy at energies above 20 keV. We report on a catalogue of new hard X-ray source candidates based on the latest sky maps comprising 14 years of data acquired with the IBIS telescope onboard INTEGRAL in the Galactic Plane (|b| < 17.5
INTRODUCTION
X-ray surveys play a key role in our understanding of energetic phenomena in the Universe. Detailed investigations of the physics and evolution of X-ray selected sources are usually based on systematic studies of their properties. Observations in recent decades have revealed a variety of X-ray point sources beyond the solar system in the Milky Way and Magellanic Clouds. Although the bright X-ray sources in the Milky Way can be effectively studied, many of them are not observable due to the heavy obscuration by the Galactic disk. Studies of nearby galaxies with modern sensitive soft X-ray telescopes are relatively free from the obscuration problem and can provide us uniform samples of X-ray binaries in different environments (see Fabbiano & White 2006; Fabbiano 2006 , for a review). As a result, we may know better the properties of X-ray source populations and structure of the nearby galaxies, than of our own Milky Way.
X-ray observations of our Galaxy at energies above 10 keV are free from the obscuration bias. However, due to the large extent of the Milky Way across the sky, a systematic ⋆ E-mail: krivonos@iki.rssi.ru survey of the Galactic X-ray source population and discovery of new X-ray emitters require wide-angle instruments. This makes the IBIS coded-mask telescope (Ubertini et al. 2003) onboard the INTEGRAL observatory (Winkler et al. 2003) unique and most suitable for surveying the Galaxy in the hard X-ray domain.
The INTEGRAL observatory has been successfully operating in orbit since its launch in October 2002. Over the past years, INTEGRAL acquired a huge data set, which allowed us to construct high quality X-ray catalogs in the Galactic Plane (GP), starting from our early papers by Revnivtsev et al. (2004 Revnivtsev et al. ( , 2006 ; Molkov et al. (2004) , to more recent surveys (see Krivonos et al. 2012 Krivonos et al. , 2015 Bird et al. 2016 , and references therein). These works were subsequently used for many relevant studies, including systematic discoveries of strongly absorbed high-mass Xray binaries (HMXBs) and the study of their luminosity function and distribution in the Galaxy (Lutovinov et al. 2005 (Lutovinov et al. , 2013b Bodaghee et al. 2007 Bodaghee et al. , 2012 Chaty et al. 2008; Coleiro et al. 2013) , the statistics of low mass X-ray binaries (Revnivtsev et al. 2008b ) and cataclysmic variables (CVs) (Revnivtsev et al. 2008a; Scaringi et al. 2010 ).
In the previous paper , we pre- Figure 1 . Sensitivity of the Galactic plane surveys over the Galactic longitude averaged within |b | < 5 • in the 17−60 keV energy band (4.7σ, 1 mCrab = 1.43 × 10 −11 erg s −1 cm −2 ). Black solid line corresponds to the 9-year survey Krivonos et al. (2012) , magenta line shows the sensitivity curve from the current work.
Upper panel: open and filled red circles show the positions and fluxes of 26 non-identified persistent sources Lutovinov et al. 2013b) . Filled circles denote objects identified up to now. Long dashed line represents the flux limit used by Lutovinov et al. (2013b) to achieve full completeness of the survey in the inner part of the Galaxy (there are no unidentified sources above the line). sented a GP survey (|b| < 17.5 • ) based on nine years of IN-TEGRAL operations. The survey catalogue lists 402 sources detected in the 17−60 keV energy band and time-average sky maps at more than 4.7σ significance, including 253 Galactic sources of known or tentatively identified nature, and 34 unidentified sources. The upper panel of Fig. 1 illustrates the limiting flux of the INTEGRAL 9-year survey over the Galactic longitude, demonstrating that the survey's completeness in the inner part of the Galaxy raises to 100% above the flux limit of 0.7 mCrab (shown in the figure with the dashed line). The sample of 26 persistent unidentified sources is shown by red circles (see Lutovinov et al. 2013b, for details) . A number of multi-wavelength follow-up observations were initiated to unveil the nature of these unclassified objects (Karasev et al. 2012; Masetti et al. 2013; Revnivtsev et al. 2013; Zolotukhin & Revnivtsev 2015; Lutovinov et al. 2013a Lutovinov et al. , 2015 Tomsick et al. 2015 Tomsick et al. , 2016a Clavel et al. 2016; Burenin et al. 2016; Rahoui et al. 2017) which led to the classification of 11 sources (shown by solid red circles in Fig. 1 ), rising the total survey identification completeness from ∼92% to ∼94%. The 9-year INTEGRAL Galactic survey by Krivonos et al. (2012) and the all-sky survey by Bird et al. . Face-on view of the Galaxy shown along with the distance range at which an X-ray source of a given luminosity L HX (or more) can be detected according to the 17 − 60 keV sensitivity of the current 14-year INTEGRAL survey (solid lines), compared to the 9-year GP survey ; dotted lines). Red, orange and yellow contours correspond to L HX = 2 × 10 35 , 10 35 and 5 × 10 34 erg s −1 , respectively. The background image is a sketch of the Galaxy adopted from Churchwell et al. (2009). (2016) were based on similar data sets, available by January 2011 and by the end of 2010, respectively. Over about 6 years that have passed since then, INTEGRAL accumulated an additional ∼80 Ms and ∼50 Ms of exposure (dead-time corrected) over the whole sky and in the GP (|b| < 17.5 • ), respectively. The increased sensitivity of the currently available INTEGRAL data set allows us to make a next iteration in the process of finding previously unknown hard X-ray sources. Mereminskiy et al. (2016) recently released a 17 − 60 keV deep survey of three extragalactic fields (M81, Large Magellanic Cloud and 3C 273/Coma), based on 12 years of observations (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) with the detection of 147 sources at S/N > 4σ, including 37 sources observed in hard X-rays for the first time.
In this short report we present a catalogue of newly discovered hard X-ray sources detected in the latest maps of the GP comprising 14 years of data acquired with INTE-GRAL/IBIS.
DATA ANALYSIS
For this work, we selected all publicly available INTEGRAL data from December 2002 to March 2017 (spacecraft revolutions 26-1790). Prior to actual data analysis we applied the latest energy calibration (Caballero et al. 2013) for the registered IBIS/ISGRI detector events with the INTEGRAL Offline Scientific Analysis version 10.2 provided by ISDC Data Centre for Astrophysics up to the COR level. Then events were processed with a proprietary analysis package devel-oped at IKI 1 (details availiable in Krivonos et al. 2010a Krivonos et al. , 2012 Churazov et al. 2014) to produce a 17 − 60 keV sky image of every individual INTEGRAL observation with a typical exposure time of 2 ks (usually referred as Science Window, or ScW ). The flux scale in each ScW sky image was renormalized using the flux of the Crab nebula measured in the nearest observation. This procedure was used to account for the loss of sensitivity at low energies caused by ongoing detector degradation.
In total, we obtained 124727 ScW images covering the whole sky, comprising ∼220 Ms of the effective (dead timecorrected) exposure. For the purposes of this work we selected 79234 ScW s (∼130 Ms) within the GP (|b| < 17.5 • ). Following Krivonos et al. (2012) we constructed six overlapping 70 • ×35 • cartesian projections centered at the GP (|b| = 0 • ) and Galactic longitudes l = 0 • , ±50 • , ±115 • , and l = 180 • .
The peak sensitivity of the survey is 2.2 × 10 −12 erg s −1 cm −2 (∼0.15 mCrab 2 in the 17-60 keV energy band) at a 4.7σ detection level. The survey covers 90% of the geometrical area (12680 degrees) down to the flux limit of 1.3 × 10 −11 erg s −1 cm −2 (∼0.93 mCrab) and 10% of the total area down to the flux limit of 3.8 × 10 −12 erg s −1 cm −2 (∼0.26 mCrab). Given the added exposure in the GP, the achieved improvement in sensitivity with respect to the 9-year survey is in the range of 10 − 30%. The updated sensitivity of the current survey over the Galactic longitude is shown in the bottom panel of Fig. 1 . Note that the overall improvement in sensitivity makes it possible to probe deeper into the Galaxy. Fig. 2 shows a face-on schematic view of the Galaxy and the distances at which we can detect a hard Xray source of a given luminosity L HX in the 17−60 keV band. One can see that (i) we can now detect all sources with the luminosity L HX > 2×10 35 erg s −1 at the far end of the Galaxy in the direction towards the Galactic Centre (GC), (ii) the distance range for the luminosity L HX > 2×10 35 erg s −1 covers most of the Galactic stellar mass, and (iii) the Galactic central bar is fully reachable at luminosities L HX > 5 × 10 34 erg s −1 .
Following Krivonos et al. (2012) , we adopted a conservative detection threshold of (S/N) lim > 4.7σ to ensure that the final catalogue contains no more than one spurious source assuming Poisson statistics. The regions around bright sources, such as Crab, Sco X-1, Cyg X-1, Cyg X-3, Vela X-1, GX 301-2, and GRS 1915+105 were excluded from the automated excess selection to prevent false detections triggered by high systematic noise. However, manual inspection of these regions was performed to select possible source candidates (properly marked as being detected in noisy environment).
A special care was taken for the source detection in the region of ∼17 degrees around the GC due to enchanced systematics (see e.g. Krivonos et al. 2010a) . False detections were revealed by a distorted excess shape that differs significantly from the instrumental point-spread function, which is a symmetric two-dimensional Gaussian (σ = 5 ′ ). One can reduce IBIS/ISGRI false detections by using additional information from the BAT coded-mask telescope (Barthelmy et al. 2005 ) onboard the Swift observatory (Gehrels et al. 2004 ) working at hard X-ray energies. Since BAT has a different coded-mask design compared to IBIS, it suffers different systematics, which allows one to supress the non-statistical uncertainties known to IBIS (the idea on which the combined Swift-INTEGRAL survey by Bottacini et al. 2012 , is based). We assume that finding a hard X-ray counterpart in the ongoing Swift/BAT surveys (Cusumano et al. 2010; Baumgartner et al. 2013 ) of a suspected IBIS/ISGRI systematic excess adds more evidence that the excess is a real source.
RESULTS
Our analysis of 14-year averaged sky images of the GP (|b| < 17.5 • ) led to the detection of 522 hard X-ray sources at significance S/N > 4.7σ, which is ∼30% more compared to 402 sources detected in the 9-year survey ) with the same detection threshold. Note that 14 weak sources 3 listed in the 9-year survey with fluxes of 0.2 − 0.5 mCrab are not detected in the current study, probably due to an intrinsic variability. Among 134 newly added sources (522-402+14), we identified 62 previously known Xray emitters, including 17 known sources that experienced transient events after 2010 (Table 1) . A detailed analysis of the survey's catalogue will be presented elsewhere. For the current report we selected those 72 (out of 134) newly detected hard X-ray sources that have not been listed in the INTEGRAL surveys based on the data acquired before 2010 (Krivonos et al. 2007 (Krivonos et al. , 2010b Bird et al. 2004 Bird et al. , 2006 Bird et al. , 2007 Bird et al. , 2010 Bird et al. , 2016 , i.e. those sources whose detection is mainly determined by the ∼6-year increased INTEGRAL survey sensitivity. Table 2 4 lists new INTEGRAL sources detected in the current work with significances between 4.7σ and 15σ and fluxes between 0.17 and 1.7 mCrab (2.5 × 10 −12 − 2.4 × 10 −11 erg s −1 cm −2 ). We searched for source counterparts within a 3.6 ′ error circle (90% confidence), as typical for the INTEGRAL sources detected at S/N = 5 − 6σ (Krivonos et al. 2007 ). As seen from Table 2 , 31 source candidates are also detected in the ongoing Swift/BAT all-sky hard X-ray survey (Cusumano et al. 2010; Baumgartner et al. 2013) . No any hard X-ray counterpart were found for 41 sources, thus they have been detected in hard X-rays for the first time.
We utilized also the SIMBAD 5 and NED 6 data bases to perform a preliminary identification of the detected source candidates within 3.6 ′ of the INTEGRAL position. However, usually unique optical/IR counterparts and hence firm astronomical classification can only be obtained based on arc- Table 2 is only available in the online version of the paper. 5 http://simbad.u-strasbg.fr/simbad 6 http://ned.ipac.caltech.edu a General astrophysical type of the object: LMXB (HMXB) -low-(high-) mass X-ray binary; BHC -black hole candidate; XRB -X-ray binary.
second positions provided by soft X-ray focusing telescopes. Therefore, we paid a special attention for finding soft X-ray counterparts in the HEASARC 7 data base, Swift/XRT point source catalogue (1SXPS; Evans et al. 2014 ) and the third XMM-Newton serendipitous source catalogue (3XMM-DR5; Rosen et al. 2016) . As a result, we suggest classification for 26 sources from the list, with two (IGR J00555+4610 and IGR J18184−2352) being most likely CVs and 21 probably being active galactic nuclei (Table 2 and 
CONCLUDING REMARK
Regular observations of the GP with INTEGRAL are consistently improving the sensitivity of the hard X-ray survey and allowing us to extend our knowledge of the Galactic Xray source population, both for weak and nearby sources (mostly CVs, see e.g. Lutovinov et al. 2010; Clavel et al. 2016; Tomsick et al. 2016a) , and more distant objects located at far end of the Galaxy Rahoui et al. 2017) . The presented catalogue opens the path to a large program of follow-up observations, dedicated both to unveil new classes of objects and to increase the overall completeness of the source sample, needed for many Galactic population studies. 
